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Abstract: The impact of Eucalyptus plantations on the ecological environment has been a hot topic of controversy
worldwide. The ecological and environmental effects of a mixture of Fucalyptus and precious native tree species have
attracted much attention. In order to explore the effects of management measures in mixed plantations on soil nutrients
and understory plant functional groups, we assessed the understory plant communities and environmental factors using
pure Eucalyptus plantations (PE) , mixed Eucalyptus and Castanopsis hystrix plantations (MEC) , and pure C. hystrix
plantations (PCH). We found significant differences in the physicochemical properties of soil in the different stands. The
soil pH, available nitrogen (AN) content, and available phosphorus ( AP) content were significantly higher in MEC
than those in PE and PCH. However, we noted no significant advantages in terms of the soil moisture content (SMC) ,
soil organic carbon (SOC) content, total nitrogen (TN) content, C : N ratio, and C : P ratio in MEC, with a trend of
PE < MEC < PCH. On the other hand, the soil bulk density (SBD) and total phosphorus (TP) content showed a trend
of PE > MEC > PCH. MEC significantly increased the species richness of the understory woody plant functional group
(WFG) , while PCH significantly increased the species richness of the fern functional group (FeFG). The importance
value of WFG and the Gramineae functional group ( GFG) were significantly higher in MCH than those in PCH, while
the importance value of FeFG was significantly higher in PCH than that in MCH. Principal coordinate analysis revealed
no significant differences in the composition of understory plant functional groups between MEC and PE, but revealed
significant differences between MEC and PCH. Moreover, redundancy analysis revealed that AN and AP were the main
factors influencing the dominance of WFG. SMC, TN content, and SOC content were the main factors influencing the
dominance of FeFG, while SBD was the main factor influencing the dominance of GFG. Thus, the mixture of Eucalyptus
and Castanopsis hystrix can improve the availability of soil nutrients and the diversity of understory plant communities to
some extent in subtropical China.
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(1) T B ( Diaz et al., 1999 ; J5 i A1 w5 0
2000 ; Petchey, 2004 ; Miller & Chamberlain, 2008 ;
LR EAE,2016)

ARG VIAE RS 4li AR ( pure Eucalyptus plantation ,
PE) | #% B x £ #E 1R 5¢ K ( mixed Eucalyptus and
Castanopsis hystrix plantation, MEC) F1 £ #E 4 Ak
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DI I s 0 3 4R 130~1 045.9 m , HUJE HO 55
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CAEHIFEF R 1 200~1 500 mm, TI2ZE0 R 4—
9 H AT Z 4EHZE L 1261 ~1 388 mm |, FHXHE
Ji 80% ~84% ,

0 i S A AR B R 35 AR ARG T A N AR,
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PREERIN 2 m(B 1) . SiARAgE AR Y R 1 333
PR - hm?, JRASHR KRR T AT, B R
1333 ¥k « hm™; ZLHEFPRE T 94T 2 (8], 47 [RIRERE
2 m, BN AR 334 Bk, BDIRASHLHI R 8 & 2,
AR T AR AT 2R TR, A 98 1 m,
R 20 em; B H 5 N TAZHAE A 50 em x 50 em X
30 em FUFPRE S, FRRERT 7 d, 5570 250 ¢ B AR
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Small boxes in (a) represent Eucalypius or Castanopsis hysirix in pure plantations. Small boxes in (b) represent Eucalyptus and small circles

represent Castanopsis hystrix.
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Fig. 1 Diagram of tree species in pure plantations and mixed plantations

®1 BEAHR

Table 1  Characteristics of experiment plots

A {273 W L I P4 EZ Mt e e v v
Stand Altitude Slope Density Canopy density DBH Ttree height Basal area
(m) (°) (tree + hm™) (% ) (cm) (m) ( m® - hm?)
PE 241 14 1 200.00+30.62 a 0.49+0.01 a 13.60+0.41 b 19.37+1.18 b 18.35+1.33 b
MEC 245 14 1 730.00+£73.74 b 0.68+0.02 b 13.00+£0.41 b 18.36+0.99 b 24.57+2.11 ¢
¥t Eucalyptus 1 265.00+48.73 — 14.28+0.30 20.79+0.77 20.99+1.35
214k Castanopsis hystrix 465.00+51.84 — 9.49+1.12 11.68+2.26 3.58+1.01
PCH 281 16 1 785.00+£72.02 b 0.75+£0.02 ¢ 7.37£0.95 a 9.54+0.68 a 8.87+2.01 a

IE: PE. #Z4iAk; MEC. MW xZLHER S PCH. ZL4EAIM, B = VIHLARUER (n=5) . AF/NEFRAAERA R A0
25 W EE(P<0.05) . I,
Note: PE. Pure Eucalyptus plantation; MEC. Mixed Eucalyptus and Castanopsis hystrix plantation; PCH. Pure Castanopsis hystrix

plantation. Value=x+s_(n=5). Different lowercase letters indicate significant differences between different stands (P<0.05). The same below.
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A3 ( one-way ANOVA) 6 06 AN [R) AR 43 [0] £ 3 5% 4
IREREYI IR 5 B R EE A 22 57 R R LSD
LT ZE IR, REMOKFBEE N P<0.05, R
F AR BT (principal coordinate analysis, PCoA ) K
B 3 Bl 1Y 2 e AR A A D RERE ZH ) S
R BE 5 LMK R 5~ (R P E 6 i DB TR R ) K ST 0
Y - 9 B AR YT O i R B SR DT AR o AT
(redundancy analysis, RDA) i 2& 5 AR HE4) T g
AR S R T R R . PCoA Al RDA 734
1E R3.5.1 2R vegan W17,

2 R GHH

2.1 £ C NP REAZFEITEL

M 2 B A1, PCH (%) 3 &K i 8 3% & T PE
I MEC, PE A1 MEC 1% 4 3 & /K & JC I 3% 22 5%,
MEC iy +3EA5 BT PE Ml PCH 2], H 55 Wi#
TG 22 5, 1M PE () -4 E L PCH & 8.27%,
Wi 2555 1075 MEC 1) 138 pH A RUA & = AL
W& W5 T PE A1 PCH, Hirp MEC (1) + 3%
pH 239t PE 1 PCH &5 11.8%H1 9% ; MEC f#) 145
AR & 9 PE R PCH & 17. 49% #il
16.60% ; MEC 1) 1438 3 5 % i Lk PE 1% 43.88%,
1Ml PE (1) - 48 30wk & i Lk PCH Ik 15.28%

IATES R R R R AR 4 19 R ML A7 7E
25, % i K/NHEF i PCH>MEC>PE, {H
KM HIEESSEES AR ZE, PCH 1Y 113
SRR, BS PEAAEREES, MEC 11§
SRAGRET HS PEPCHZERARE, A
FIMAR I C: NFIC: PIYFAERELS, H
N : PIJE PCH f 5 H 55 PE 2253 83, 1 MEC W
JE HE PE PCH 23 A EE (K 2),
2.2 M HEMFESThEE B AR

AN [R) 28 B AR PR T AR 4 40 o A i B
HE(EEA REZW, AU A LCE 112 Ff
A5 HY, )8 47 BF 97 JE ., Hidh MEC AY %) Fh &
Z A 73 B, Hok ok PE MR, 45 61 #F, PCH
YD L 59 (K 3) . MR ITLER, A
[FIBR 3 BRT AR B T AR S5 P 2 i R A Tt 3
1254k

FLRIR T 20 I 45 SRR W, MEC [ AR A AR )
DIReRE A £ 5 B 3% & T PE Al PCH, PE &
Fm T PCH(P<0.05) , TEANFEMAST A REL

x2 AEAMSHLEELER(0~20 cm)
Table 2 Soil properties (0—20 c¢m) in different stands

=N

S HL
Variable PE MEC PCH
FHEE K SMC(%) 31.98+ 33.12+ 37.47+
1.19 a 2.46 a 4.45 b
FHEZH SBD(g - em™) 1.33+ 1.28+ 1.22+
0.07 b 0.04 ab 0.08 a
pH & pH value 441+ 5.00+ 4.55+
0.07 a 0.13 b 0.10 a
A AR AN(mg - k') 17.79= 21.56+ 17.98=
1.02 a 1.81b 1.28 a
T AP (mg - kg')  4.49% 8.00+ 5.30%
0.24 a 0.38 ¢ 0.58 b

. SMC. +HEE/KE; SBD. HHEA T, AN, + A A
AP, TIEHAHE, TIE,

Note: SMC. Soil moisture content; SBD. Soil bulk density;
AN. Soil available nitrogen; AP. Soil available phosphorus. The same
below.

REAY RN YR FEEY TR EEER
(P>0.05) ; PCH MR ZAEY) D e #F W A 5 B
B 5T PE Ml MEC(P<0.05) ,{H PE #l MEC 22
SARZE(P>0.05),

AN [RIBR A3 %5F AR AS AR 4 ) e i 1) B B A o
M (P<0.05) , MEC 5 PE RAM Y LI BEREN &=
FHBEET PCH,H MEC 5 PE %A B E2E R
(P>0.05) . AIF]AYFR S HEAAE ) D) EFE (Y H 2 AH
Jo i 22 5% (P>0.05) , PCH K548 %Y ) B
B ZAE B KT PE A1 MEC (P<0.05) , PE Al
MEC JC W& 12 5 (P>0.05) , 7EA [F A AR 23
PCH B& 25 A1 ) D) e B 19 T 22 (H . 3% = T PE Al
MEC( P<0.05) , 1 MEC 5 PE JG & 2% 5 (P>
0.05) ., PE 5 MEC Z«FLAi Y DI RERE A L 20 25
PEARZE(P>0.05) (K 3),

3 X A TR AR 43 B AT A 4 D) B B 4 R R A T
FARAR BT (PCoA ) , Z5 R F U, 56 — Ml (axis1) Al
55 Ul (axis2 ) SRR T T A AT AR ) D BE A AR
511 91.54% , axis2 AE{E PCH 5 PE Fll MEC AR
Y DI RERE ] 0 X 3, % W] PCH 5 PE 5 MEC
MRGY (0 A8 1) T R F 1 4 IR A7 A — 22 5%, 1 PE
FMEC AR5 BUAK T H8 9 2 REFF A WA AT 32 10
I TF SR BTEX WAOR S3 (AR A A S RE A B )
T A AL (B 4) . 27007 20 Br & R 3k
B ,PCH 5 PE (3 MEC) #k3 IAK N HE 4 DI REFE 1Y
YRR A 83525 5% (5 PE 5 MEC MR AT
TP DIRERE AP R TC i E 22 57 (£ 4)
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PE. fR4ibk; MEC. MR xZIHER S8k, PCH. ZLEZEMR; SOC. HHEAHLRK; TN. +I34%; TP. £HE4HE; C: N. R A
t; C: P RIEERBELL; N : P RIEABELL , ARG FREFRAR R E 253 8.3 (P<0.05, n=5), T,

PE. Pure Eucalyptus plantation; MEC. Mixed Eucalyptus and Castanopsis hystrix plantation; PCH. Pure Castanopsis hystrix plantation;
SOC. Soil organic carbon; TN. Soil total nitrogen; TP. Soil total phosphorus; C : N. Soil C : N ratio; C : P. Soil C : P ratio; N : P. Soil

N : P ratio. Different lowercase letters indicate significant differences between different stands (P<0.05, n=35). The same below.

K2 AFEMS L C NP &L HAR AR

Fig. 2 Soil C, N and P contents and their stoichiometric ratios in different stands

2.3 #R T HE Y0 Th B B 4H RE O (B 3
JUASIHT(RDA) 85 R R W, 55 — 3 L3 il A
55 3 LAl 4 i) R A AN TR MR 43 MK AR T e
HERY W b 4 78 S 19 58.6% M1 6.3% (1 5) .,
WFG 5 AP Fil AN I Z#HC, AP F AN & WFG 5
Py E B0 T FeFG 5 SOC TN & SMC
FEHR,SOC TN K SMC J& FeFG (53 i) 3 B3¢
i 1~ 5 11 SBD & GFG (AL 3 il B i A 1,

3 WikE4#

B PRI T RO B A5 R 28 R 5 2 BUKF DL K
K ey BE FeE B BE R AE 858 22 57 (B w0 oF,2013)
5 IRARMA E, N TR Fof 25 1805 bR o0 45 44 e 45
B RN AR M 2 R R KT R RS AR
GARENERZE . A IR WA BN MR A 3% R

1~2 RO R R 2L &+ RARRE Y N3, i
H 3~ 4 ACE B W AR S DL S - B AR ) A
PR T AU R BB (5~ 6 AR) AR AE Bl E
AR AR R R L, T BOMKT M ) Dy e B
THIR ™ H B4 (Zhou et al., 2020) , KL, A% %
AR R TR R A 2 2 e A N TR e A
AW R T B Y S B R (BREK DR ,2001) TR
B2 N MR DL — B s pk s =X TR 38 b i el
7SR5 FE AR ol 2H B LA 38 30 MK 43285 4 B9 1 Ak 5
PR ARHE T AR R G TG B, F 1T A A
- i, 45 R R PR AR b 2 B ( Ratcliffe
et al., 2015; Fh & I 45, 2015 ; BE FHIZ 25,2017 )
R L, AR T8Ok U TR S M S R G R T
FaE (FEIREES,2020) , ARG R 5
ZIHEIR AC BE W AR AR T A M ) A R, L
M ARAAEY) IR AT 4345 A 36 Flr, i 2%
T TR Al AR Y 31 FhAIZT k2l R0 27 R, X 514
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Table 3 Species composition and importance values of understory plants and functional groups in different stands

®3 FAEAMRSHTENYF DEBRERKEEE

RSN
Y P T 4 By itcyicd Importance value
Plant species Latin name Functional group
PE MEC PCH
LA Microstegium fasciculatum GFG 20.58 13.70 1.28
1 i Pteris semipinnata FeFG 8.99 13.01 7.76
Ll Uncaria rhynchophylla VFG 4.82 0.30 —
T3 Dicranopteris pedata FeFG 4.45 1.09 7.22
Pt 4 Ak Acacia pennata VFG 4.41 0.51 —
= Melicope preleifolia WFG 3.87 2.38 1.52
INAE TR AT RE Ottochloa nodosa var. micrantha GFG 3.24 1.79 1.24
IEER e Triadica cochinchinensis WFG 3.23 0.73 0.28
gES Toxicodendron succedaneum WFG 3.20 1.89 1.26
o Miscanthus floridulus GFG 2.96 2.23 6.17
IR 2T Litsea glutinosa WFG 2.71 0.49 1.30
HHL A Ficus hirta WFG 2.63 1.73 1.47
&EM Cibotium barometz FeFG 2.62 3.29 2.82
41 Lygodium japonicum VFG 2.32 2.38 3.42
[EINPIN TN Fissistigma chloroneurum WFG 1.92 — —
LHEY = Hedyotis hedyotidea VFG 1.77 1.04 0.18
S8 -A Arthraxon hispidus GFG 1.73 4.09 1.93
GiES Aporosa dioica WFG 1.66 0.45 3.16
JEEY Ficus esquiroliana WFG 1.62 0.20 —
B Mallotus barbatus WFG 1.44 0.31 —
5T Pottsia laxiflora VFG 1.22 — —
H Clerodendrum cyrtophyllum WFG 1.21 — 0.50
£ Melastoma sanguineum WFG 1.10 0.60 0.40
2510 Maesa japonica WFG 0.91 0.91 0.29
AL Zanthoxylum avicennae WFG 0.90 0.93 0.35
Ak Mallotus paniculatus WFG 0.89 0.50 —
EESYEENS Paederia pertomentosa VFG 0.86 — —
111 ¥ JBR Trema tomentosa WFG 0.80 0.25 0.25
BreEcns Stephania longa VFG 0.77 1.47 —
B Rk Blechnum orientale FeFG 0.77 8.09 20.32
1Ipay Catunaregam spinosa WFG 0.74 — —
ik Dianella ensifolia FoFG 0.68 0.59 —
AR Aralia chinensis WFG 0.67 1.41 —
AR B I 1L PR Trema nitida WFG 0.66 — —
FEAR BEA 55 Vernonia cumingiana VFG 0.65 1.19 0.91
A Rhus chinensis WFG 0.58 — —
TR HR Wendlandia wvariifolia WFG 0.52 — —
41 [ e Pericampylus glaucus VFG 0.45 1.40 1.74
PRI RS Ficus tinctoria subsp. gibbosa WFG 0.36 — —
15 T TR Streptocaulon juventas VFG 0.34 0.33 1.12
T Mussaenda erosa VFG 0.33 1.26 1.92
HAELHE Ficus pyriformis WFG 0.31 — —
P R AL Choerospondias axillaris WFG 0.30 — —
Ju Psychotria asiatica WFG 0.30 0.15 0.76
Er4Ae Mussaenda pubescens VFG 0.30 1.03 0.29
FEIES Alpinia zerumbet FoFG 0.29 — —
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gk 3
RSN
L/ FLT 4 YIReHt Importance value
Plant species Latin name Functional group
PE MEC PCH
ST Alangium chinense WFG 0.27 0.10 —
MR Sageretia thea VFG 0.27 — —
AR Cunninghamia lanceolata WFG 0.26 — —
ARl Macaranga denticulata WFG 0.24 1.06 1.87
L oa Melastoma malabathricum WFG 0.22 — 0.46
A AR Vernicia montana WFG 0.21 — —
Fap=yil Mallotus repandus WFG 0.18 0.74 —
THO6 Senecio scandens VFG 0.18 — —
(3 Ly S S A Spermacoce alata FoFG 0.18 — —
BB R Alyxia sinensis VFG 0.17 0.50 —
e S Dioscorea polystachya VFG 0.17 — 0.45
kAL Urena lobata WFG 0.15 — —
WA Lophatherum gracile GFG 0.15 — 0.89
S Merremia boisiana VFG 0.12 0.15 —
2% Scleria terresiris FoFG 0.12 — —
it PR R Adiantum flabellulatum FeFG — 1.19 4.05
ik Albizia kalkora WFG — 1.78 —
EE N5 Annona squamosa WFG — — 0.55
AP Ardisia crenata WFG — — 0.37
IR R H Blumea megacephala VFG — 0.48 0.48
KR Bridelia balansae WFG — — 0.62
FAR: 3 Castanopsis hystrix WFG — 0.13 0.48
IER- T Cayratia japonica VFG — 0.18 0.31
R Cinnamomum cassia WFG — — 1.81
BRERE Clematis florida VFG — 1.12 —
LIS Colocasia antiquorum FoFG — — —
AR Cratoxylum cochichinense WFG — — —
i - Dalbergia obtusifolia WFG — 1.55 —
pigic) D. hupeana WFG — 2.01 —
SRS Embelia ribes VFG — 1.16 1.65
PORUR S Ficus hispida WFG — — 1.61
ERART Glochidion eriocarpum WFG — 0.15 1.22
UNLESN Gnetum parvifolium VFG — — 1.36
K Gynostemma pentaphyllum VFG — 0.32 —
AL R B IR TR Lindsaea austrosinica FeFG — 2.14 —
L X& Litsea cubeba WFG — 0.59 0.49
RZET L. pungens WFG — 1.98 —
] 7€ 7 Al Machilus pauhoi WFG — 0.68 1.41
211 M. thunbergii WFG — 1.30 —
i1 JIF Maesa perlarius WFG — 0.52 —
2 i T Malaisia scandens VFG — 0.57 —
[ERdin Mallotus apelta WFG — — 0.23
AL SE M. philippinensis WFG — 1.39 —
YR RAR Markhamia stipulata WFG — — —
i Melia azedarach WFG — 0.31 —
AR W R Microlepia hancei FeFG — — 1.89
INZER Micromelum integerrimum WFG — 1.64 —
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gk 3
RSN
Yrkh T 4 UIRERE Importance value
Plant species Latin name Functional group
PE MEC PCH
JEI R Millettia pachycarpa VFG — 0.15 1.49
R Odontosoria chinensis FeFG — 0.71 0.71
PN Paederia foetida VFG — 0.20 —
KM T 2k Phyllanthus glaucus WFG — 0.15 0.15
1134 Piper hancei VFG — — 1.23
5 Pueraria montana VFG — 0.15 0.15
2T Rubus alceifolius VFG — 0.27 —
WA R. cochichinensis VFG — 0.22 0.42
ey 4t Schefflera heptaphylla WFG — — 0.23
A R R Setaria plicata GFG — 0.52 —
ES R Strophanthus divaricatus WFG — 0.19 0.19
15 R i Bk Syzygium hainanense WFG — 0.28 —
=BT Tetrastigma hemsleyanum VFG — — 0.27
j- U] Thysanolaena latifolia GFG — — 2.19
%wH Trachelospermum jasminoides VFG — — 0.30
P 7 Sk Viburnum fordiae WFG — 0.60 —
blUE S Woodwardia japonica FeFG — — 0.67
A T £ Zanthoxylum nitidum WFG — 0.94 —
L Zehneria japonica VFG — 0.16 —

. WEG. KRAEMYITIGERE; VEG. BEARRYITIGERE; GFG. REAHY IIRERE ; FeFG. BIAHYTIHERE ; FoFG. 2+ FAHY DI REHT .

e

Note: WFG. Woody plant functional group; VFG. Vine functional group; GFG. Gramineae plant functional group; FeFG. Fern

functional group; FoFG. Forb functional group. The same below.

Z2¢ 4 (Berger & Puettmann, 2000 ; #2007 ;
Pe % 1155, 2020) (B 9E 45 AL, A 5T &
B AR A 2 T8 4 35 1 R 22 R 1 R AR AR 7 45
P g AR vh B A (R 4R 55, 2019)
TNAERR N TAR YRR AR AR %08 - S Rl B 455 1) 2l
A MTR A B B 4R B IR0, = 4R 5 AR
SE R N TR 4 8 A2 25 3R 48 2 D) ek 1 G 2 (]
e ,2016) , —SEAIF TSI, AR ARAE 25 2 48 bk
AR5 2 B8 1 B HE BT B G P B8 4 B 4 ) 42 1l
X R A 0 2H B B 2 R A 7 A S e (DX AR i R
RaE5E,2012) , JUHIE T 2 4544 i JE Bl 't 21 58
TEYESRS KO A 2 AW Z A1 D7 T B B 2 AE
FCEIARESE,2020) o FEAWEIE #5204 TR
ST IR 52 J2 AR5 1 RE i 2 4 R AR R R A AR W)
DIGERE) M) Fh = & B B BEAS AR W R EAH W)
Fik IS A ) R 2 A ) T RE A 1) ) R B S e AN
23X B R A R < 2L A VR S AR PR KT 5 2 )2
IR S5 R IR AI PAD R 3 v 1) A 35 2% 0 T g BE R T
ARAAEY)RERE R AEAE LT o WAL, A2EEH IR

R4 TEMRSHKTEDIREREERSTAEDNT
Table 4 Permutational multivariate analysis of variance of

the understory plant functional groups of different stands

=Sl F1H LIPS S B
Category F value R’ P
PE vs. MEC 0.758 0.087 0.586
PE vs. PCH 22.905 0.741 0.007
MEC vs. PCH 13.678 0.631 0.009

436 BB A A 2 52 e 4 0 D0 AR ) 4 ok B 2
PR BRI F (JERIT4,2018) , W2 AN T
NN IR e S N2 B = BT T S NTTR T
Pt e R AR W A 0 T2 B IR AR AR W T
REFE W) b 0% 21 B & A W 35 A8 Ak (225 46, 2020)
TEAHIFT B 3 AR e 15 P41 B i v A9 21 40 4 Ak
JUEMRT AE ) ) Bl S R R A, (R AR R 2R
) 1 = B 0 Jb 3 v T e A Al PRORI e A x 21
TR AR, JHL T PR T B8 2 21 4 4l %8 3 K K o
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Fig. 5 RDA analysis of understory plant functional

groups and soil physicochemical properties

FE ) DI REAF A2 5L T A ) A BRE 28 S AR T s B
HAth 5B RS Y fie # C U g w1 1 22 55 300 43 19
M (VU ,2016) . TEREAS RGN MY
T T RE 2B Y T 4Ok S N R A 2 AR IR (2
PUR 4 ,2015), TEMRMAEESRGE D, AHEHN TS
AR A ) B B % 4 B %85 DD AR G, dn el B A%
(2018) F 5% 2 B 75 A 56k 2 25 40 114 28 b 2 3K sl AR
DI REREAS S5 09 B2 7, ARWFIE LM, 75 AR
AT FE R AR BE /N R B Al b rp AR AR A A
DIRERE AN R FEAE ) D RE A i 4l T BN, &)
RERE A B ZHHE ¥ A WFG > GFG > VFG > FeFG >
FoFG ; TEFT AR JZ 2 X2 45 7 HAR 5348 P41 2 J vh i)
R < 2L HETR S MR b RTS8 A Dy e 109 J 208 HE
¥ N WFG>GFG>FeFG>VFG>FoFG , KA #) T fig
HERR RLAE ) D e A o 4 32 B 3 T AE Ir A2
1o B Fe /N R GA PAD B e e T 2L AR e AR 2
RERE 20 09 HE )7 W 2y FeFG > WFG > VFG >
GFG > FoFG , MF AT REAE AL WL T B
DIReHE, — B R 45 R, M AE R R
e rh TR A A 2E BB A A o3 A B R ) R 22 T
AHEAE B 5E K R T 052 i (19 25 2R ( Buckley et
al., 2003 ;Sagar et al., 2003 ;1 £ % 2004; £
BERARHHE ,2006) , 7857 #4510 AR [ B AR ) 2
FEVE 5 A B8 2% 1 25 VI AH OC (B35 A 35 45 10 e A A
A, BEVE W Bt 2 RAAS [R) J 1) FE AR VB | i R4
4 5 DRk & A s (TE B 55, 2001) o AHF
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g, EABBR AT R £ 005 25 50 B 25 S o R
Sl R X 2T A4 TR S8 PRI T bR 43 B AR T R4 2
RETE 1 4 b 2 i 25 Ry AR, T 21 AR ) PR A
YTy REAE 1 40 i A R D) 5 e RS i R e A < 2T A TR
SEMAFTE — 38 25 5, MO AS S Mk () f R Rk 31 T
91.54% , AWFFE T 3 ASBRA: 18 i MR B9 A 55 &%
8 K o W0 4 B it 3 A — 2, 45 MK 40 05 300 s B A
VI e R S Rl el % b 22 5% IR KRR B vl fig
SRR AR ] A2 AR 53 5 TR B S T BR B
M SE 4 538 N R 45 R, — e R B T H R
A B R SR T A Gl A AR AR SR
RS FR G0 1Y) A B B 2 W) S5O 3 R RE i
R E L BT, R A Y VR R R L AR Y
AR (B ET5 45,1999, K 445, 2012) , 0 & &
MY BEE AN R 2 — AR A
PR A HE A 5 5 A 0 T ) ol 2R B 2 R T 1
K R B ] (Siefert et al., 2012; FBEHE 2016), 4
5T R B, AR Wi = 5 B o o AR X £LHE TR 28
R, A RO R A D pH (T
Wb = & R AR (10 R AR i bRORD 2T ik AR, TR
TSR BE 7843 F) FH b b 3T 2% i) B 9% 96 (7
B FE 45 | 2001 ; Sagar et al., 2003) , if AEE & 14 7%
YIRS R, O SR Y R i B R
G308 A8 R0 AR FH 23R 08 T 5 e A ) 22 B (KR
5% ,1999, 2% 4 45 2012) , 3R S5 K4y,
O 1, 55 A ) A 9% 14 43 A 5 ) E K ( Siefert et al.,
2012) , RZIRER QA v N T AR S BR AR AR A 4
P RERE 2 30 HE SR A A W R A, T A
Wk B AS R S A ) T REARE DU (2 2 4 o MR
obE (JRER 2016) , BLEHAEY) DI RERE I 0k 5 +
HERE 1A %0tk Z R A7 AR %6 U1 B 2 22 AR AE R
A5 45 e 3R W W A RCR R AR A A ) ) e
BE A EAR R U B B R m RF, BR 28 M9 T g
FER A e 3 252 A LAk & /M &
IS | 7R HERE P ) e R 9 40 A f BN 32 2 Az
TR AR R TR R R A K 5 A 3R
BMHNEEGE R, AEE LR LIRSS S5HEY
TR Wy R Z2 REVEAT A6 W 8 A A 55 ( Gartlan et al.
1986) , 48 188 (1) ) FH 285 5l 170 23 5% W A 400 1) 4 A1
TGl (Yan et al., 2019) ., 7EAZ AR N T Hkr, 4438
Lo LS S A AR i 2 bR T BT A R 4 T R
1728 S5 T 9 4 i AR R0 L ) G ) 8 3 R R I
& M5 R A ) T RE R AR S (225 %6 ,2020)
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